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Abstract 
The telecommunications industry is immersed in a deep process of transformation, in which the natural complexity of any 
evolution in business models is increased by accelerated innovation that exists in the sector. The providers’ diversity has 
to resolve how to fix and develop the prices of their services in a frame with many unknowns and fewer equations. In this 
article, we propose a model for calculating the costs of a user, who accesses and uses the Internet services that it provides, 
based in a methodology to structure various types of services and assign costs. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/HCIST. 
Keywords: future Internet; Internet cost; Internet pricing; cost model; composed service. 
* Corresponding author. Tel.: +34-934-016-562; fax: +34-934-016-562. 
E-mail address: alfredogtzh@gmail.com 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of CENTERIS/SCIKA - 
Association for Promotion and Dissemination of Scientific Knowledge Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
172   Miguel Ramirez et al. /  Procedia Technology  5 ( 2012 )  171 – 180 
1. Introduction 
1.1. An industry in transformation 
The one system, one policy, universal service that Theodore Vail managed to impose in the origins of the 
telecommunications is now Internet, a system of great complexity, which has remained as a unique service 
and universal scale, it has also transformed one of the most dynamic markets in the world. 
Internet provides an unprecedented convergence of services, has also added new players in the market, they 
have gained dominant positions, and prevailed over classical operators. For the operators, the fact that the 
physical network owners not only has not been an absolute advantage, but also involves them the charge of 
maintaining the rhythm of necessary investment to the progressively development of a new generations of 
networks. 
The proliferation of new business practices, such as new forms of network administration, prioritization, 
fixation of prices or strategic partnerships, suggests that is changing the nature of the competence, according 
to the maturity of the industry. It is argued that network neutrality and other proposals to restrict such practices 
and have the risk of diverting the industry of its natural evolution path, while others claim that the network 
neutrality has to be something sacred and must be a distinct market [1,2]. 
As well in U.S. as in Europe, as part of the 2020’s digital agenda there are sponsored studies to re-design, 
from scratch or evolutionarily, the Internet protocol. The acceleration of innovation and the ruptuiristic way of 
new services appearing in Internet are a challenge, not only for public policies but also for the network 
architecture itself. The proliferation of Video Over IP Services, wireless broadband, computing “in the cloud”, 
programmable networks, sensors networks and in general how people use the network, may require that it 
develops in new ways [3]. 
1.2. Sustainability of the investment in infrastructure 
Network operators with own infrastructure face a double challenge: the relative drop of prices and the 
continuous increasing of bandwidth requested by users, who consume more and more multimedia 
applications. The case par excellence is on TV Over IP (IPTV), a service to provide multimedia content in 
real-time and high quality, whose performance is linked to the network conditions and particularly to a 
bandwidth that allows avoid high rates of packet loss [4]. The investments required to maintain the bandwidth 
growth can come from an increase in use of the existing services, an increasing of the number of users that 
employ new services, or increased productivity-innovation by companies. A combination of these options will 
be the formula to support and develop the operators’ business model. 
The costs of an operator are known through financial statements and they reflect the investment items in 
equipment, software licenses, buildings, energy, personnel, advertising, amortization, etc., with a high degree 
of precision: the accounting precision. With this information, you can know the average cost per user, but if 
you want to attribute to a single user his real cost, it is necessary to measure the use of network resources 
generated by that user. One option is to measure the volume of data exchanged with the network by each user, 
in fact in mobile networks with Internet access there are established limits of use at certain fees which, if 
exceeded, causes an extra cost to the user per amount of data transferred. 
The proposal exposed in this article consists in associate users’ request to the services they consume; access 
to a television program, a telephone conversation, or to transmit from a sensor to a data collection centre, 
would be examples of services. This kind of services will be called Composed Services (CS), and will be 
considered as result of the union of Atomic Services (AS). Address resolution, coding, encryption, or the use 
of a particular bandwidth in a link of interconnection, are examples of AS. So ASs are resources, that working 
173 Miguel Ramirez et al. /  Procedia Technology  5 ( 2012 )  171 – 180 
together constitute a CS that can respond to a Service Request by a user. The knowledge about user’s 
navigation data, CS used, AS employed, would allow assigning each user a more accurate cost. The same 
model would serve to distribute the costs of the traffic between operators in a more fair way. 
2. Pricing in Internet 
2.1. From the flat rate to variable rate 
While users as a conjunction are finally paying all expenses that Internet generates, the model to charge 
those payments is very dynamic. The user pays through many ways, even paying with his personal which are 
recycled with advertising purposes, e.g. pays mobile devices adding its price to the phone service invoice, or 
pays in the content services he consumes. The pricing and charging mechanisms definition has become a very 
complex technique, and part of Internet’ success is determined by the accuracy on pricing schemes used to 
price the service. 
The price scheme based in establishing a flat rate, resulting of dividing equally between users the services’ 
total is one of the most used, does not consider the asymmetry in traffic generation by users and providers, and 
the increase of traffic which means more congestion, it is not economically manageable [5]. On the other 
hand, the dispersion among users is very significant, it has been calculated e.g. that 1% of users could create 
the 50% of the traffic in mobile networks [6], something similar happens in fixed networks, and this kind of 
“super Pareto” could even increase. 
There is a certain consensus about that price schemes based in Quality of Service (QoS) can maximize the 
benefits as well to provider as to user, thanks to a better network resources management, and services 
personalization according to a user profile [7]. The emergence of multimedia apps over IP, with new 
requirements of bandwidth, can make suppliers to use pricing methodologies based on the connectivity 
characteristics that these applications require [8]. 
It is interesting to consider some of the schemes used to pricing services: 
• Paris Metro Pricing (PMP), is based on avoiding congestion separating in a first class a fewer quantity of 
people, PMP suggests there are several channels (wagons) with different price, and that user can choose 
which of them he want to send his data through [9].
• Congestion Pricing is based in considering the use of network resources and network congestion to 
determine the service cost, so that an increase in congestion status would encourage customers to reduce 
their demand, since they would be forced to pay higher prices for the requested services [10]. Beyond the 
difficulties to measure the congestion, it is known that there is preference for simplistic pricing plans [11]. 
• In the Priority Pricing model users select a priority level for the requested service which is associated to a 
relative position in respect to other users traffic to pay a higher or lower price [12]. 
• Edge Pricing poses to charge the user for the entire service through the first network provider which the 
information passes through. The charge to be paid by the user includes the costs of all providers which data 
pass through. The user defines the maximum total price that is willing to pay, and billing information can 
be transmitted as part of a signaling protocol [13]. 
• Responsive Pricing is a dynamic network pricing strategy that varies with their level of use. Thus, users 
adapt to the network conditions making it more efficient, based in a profit function [12]. 
• Smart-Market Pricing imposes a cost per package, which reflects the congestion incremental costs. The 
price per package varies dynamically depending of network congestion level. Users assign a bid value for 
each package sent to the network. The network bottlenecks keep a threshold value and only let pass 
packages with bids above the threshold value. It has been argued about the limitations of this scheme to 
guarantee the service to the users [14]. 
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There are another mechanisms such as Proportional Fairness Pricing (PFP) [15] which poses that the 
distribution of resources is fair if it is proportional to the user’s will of payment, or authors like [7] where the 
cost function is based in the network load to do a more efficient distribution of resources using queuing 
theory. 
2.2. A market with more unknowns than solutions 
Investments in telecommunication infrastructure have important effects in the economy [16], and they 
increase as well the companies’ productivity as their ability to innovate quick and effectively [17]. Economic 
growth occurred in Information Technologies field, presents significant asymmetries in relation to the 
distribution of the benefit that this growth generates. The regulative stratums face a complex issue to 
guarantee the growth of the network in one hand, and on the other hand to maintain a healthy competition 
which maximizes opportunities creation and encourage innovation. 
It has been argued that according to the criteria the regulation is established with, and vigilance on Internet 
in order to optimize the infrastructure neutrality, the consumer welfare could be harmed in the short and long 
term [18]. It is also considered that national regulatory frameworks, thinking in the data processing based 
services globalization, have to ensure certain equity between monopolies and foreign competitors [19], and it 
is clear that the importance of the information processing will be increasing every environment of economic 
activity [20]. 
The costs’ structure of New Generation Networks (NGN) is such (high fixed costs and low operating costs) 
that operators expect to emphasize in cost recoveries, through promoting and adoption of value-added 
services. Highly–demanded content users, and service providers (generally less sensitive to the price) could 
contribute economically more than the rest of users to satisfy the cost of the network. In this framework it 
could be ensured a better use of limited resources, and also a gradual transition to NGNs, limited by factors 
such as bandwidth and capacity [21]. 
On the other hand, the trend of firms to be vertically integrated companies monopoly-based has collided 
with a new normality in which the scale at which innovation occurs in services based in Internet has increased. 
To make a viable business in the new scenario, the larger companies have to disintegrate at least two sub-
companies [22]: one devoted to the sales of bandwidth and access, and the second competes in the emergent 
markets of new services creation. 
Finally, because of its great influence, should be noted out the gradual migration of TV to Internet, which 
has started strongly and will have deep effects and impact on the industry, providing a new network structure, 
which will break the traditional scheme of channels and will bring new models of rights and business. 
Probably it is not a simply redistribution of advertising market shares between Internet and regular TV, but a 
much deeper transformation of consumption patterns, with the re-industrialization of audio-visual production, 
which will leave its historical model, and force in Europe to a new regulatory strategy and industry structure 
based on pan-European conglomerates [23]. 
2.3. Interconnection between providers 
In an inferior layer, and to make the network to be unique, all network owners that provide access and 
connectivity to its users have to be connected between them and exchange the corresponding traffic. Although 
it is not this paper’s focus, it is necessary to make a mention on this factors market between pairs, which is 
itself an entire research topic [24,15]. 
Currently the interconnection between Tier 1 Operators through the interconnection points or Network 
Access Points (NAP) establishes a global network of communication that operates without economic 
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exchange. Tier 2 Operators pay for connecting to Tier 1, while between them the economic exchange depends 
of the dataflow asymmetry. 
While the network physical structure, and the between-operators agreement typologies is widely explained 
in the literature [26,27], the most recent Internet development generates possible inequities as content 
providers that connect to the Tier 1 are not distributed around the world homogeneously. Tier 1 which origin-
content providers are connected to could be compensated by these, more than the providers which just have 
end content users. 
3. Internet Costs Model 
3.1. Internet Service 
When we use the generic expressions like “I am connected to Internet”, or “I browse Internet”, we are 
actually making use of applications such as email, viewing a webpage, downloading a file, doing a video or 
voice conference, viewing a movie, downloading music, and more. Each one of these applications resides in a 
server to be accessed through a path composed by a number of physical nodes located in buildings which are 
interconnected by broadband communication links. Let’s agree that each one of these different applications, 
which are related with our daily experience using Internet, to call them Composed Service (CS) as it has been 
explained in 1.2. 
It is clear that the use of a CS requires the use of a number of different Atomic Services (AS), e.g. when a 
certain website is accessed, it has to be obtained the server’s address that hosts it, and to obtain it as an 
intelligible data for the network that is currently used: IP address. Also, avoiding details, there is used a 
number of different pieces of software that execute the required functions to reach the server in question, these 
pieces of software, “programs” will be located in different kinds of hardware which will be located in certain 
building’s rooms, which using specialized equipment are interconnected to constitute what we call a 
Communications Network (CN). 
The main idea is to associate user applications: seeing a movie, visiting a webpage, checking email, to the 
use of physical elements, those physical elements, which require certain resources either hardware or software, 
have an accounting known cost. The final purpose is to associate a cost to the use each operator’s customer 
makes of Internet. 
For an efficient use of a CS the minimum requirements to meet are used as parameters, e.g. specifications 
of expected network’s behaviour (QoS), required functionality, geographical and domain restrictions, specific 
service attributes, price, etc. As result, if there were, one or more paths would be obtained, from which the 
most suitable can be chosen. Therefore the lowest cost solution that meets the requirements demanded can be 
chooses [28]. 
To the assortment of functions performed by specific software programs, on specific servers located in
determinate nodes and the use of bandwidth over a link between nodes, managed by a QoS specification, those 
simple pieces that allow using a user application will be named Atomic Services (AS). So every piece in a CN 
is an AS. 
3.2. Costs model 
For an operator, determining the cost that services represent for each user, can be done in a simplified way, 
distributing the Total Cost of Operation (TCO) between the users, since the cost is calculated per time period, 
and the number of users varies for each period of time period, the cost per user will be also different, so these 
factors have to be set per time period, thus TCO in a time period (T) is distributed between active users in the 
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same period (1). 
୘ ൌ ෍୧
୬
୧ୀ଴
(1) 
The users can be classified in different types: residential, business and, application and content providers. 
These users make use of use the universality Internet offers in its connection, i.e. a user from an operator can 
be connected to any user from any other operator, or to any content or application provider. 
The set of required services in order a user acquire a content or application are a Composed Service (CS), 
then to an operator the cost related to each one of the users (୧) is the sum of costs (ୌ) of the number 
(M) of CS required by this user in the considered time period (2). 
୧ ൌ ෍ୌ୨
୑
୨ୀଵ
(2) 
The cost of each CS (ୌ) can be obtained through the sum of each one of the involved Atomic Services’ 
cost (୅ୗ) (3). 
ୌ୨ ൌ ෍୅ୗ୧
୒
୧ ୀ ଵ
(3) 
The costs of ASs can be of different kind: 
• Constant cost, which is independent from use amount, such as the customer’s database registry. 
• Node-dependent cost, where it is assumed that a particular network resource depends on the node where it 
stays, reflecting the costs per occupied area that nodes may have. 
• Node, data volume, and time of use dependent cost, as a VoIP conversation in which it is used certain 
bandwidth with an agreed QoS, and in the case of conversation between an Internet user and a phone 
switched network user it is used a gateway and an interconnection to the telephone company where the 
called customer is connected to. 
Considering some AS of constant and use-independent value, such as an access loop to the customer in the 
case of fixed networks, or using a fixed IP address, we may reformulate the equation (2) as: 
୧ ൌ ෍୅ୗ୨
୐
୨ୀଵ
൅ ෍ୌ୨
୑
୨ୀଵ
(4) 
In which the use-independent ASs are added to CS. While CS’s cost in function of ASs can be formulated 
as: 
ୌ୨ ൌ ෍୅ୗ୩
୔
୩ୀଵ
൅ ෍୅ୗ୰
ୖ
୰ୀଵ
(5) 
Where ୅ୗ୩ is the Atomic Service cost depending on the node (), time (), and volume (). 
177 Miguel Ramirez et al. /  Procedia Technology  5 ( 2012 )  171 – 180 
୅ୗ୩ ൌ ୩ǡ୬ୢǡ୲୳ୱୣ ൅ ୩ǡ୬ୢǡ୲ (6) 
Where t is the time of day the service is used, and ୳ୱୣ is the time of service usage. 
The coefficients ୩ǡ୬ୢǡ୲ and ୩ǡ୬ୢǡ୲ are related to the specific AS, the node, and the time of day because the 
cost is not the same for rush hours than to off-peak hours, especially in interconnecting circuits that support a 
high percentage of use related to the maximum capacity of a particular link. In the backbone network or 
international routes, the rush use is an average of 46% of the total capacity [29], eliminating the differential 
between rush and off-peak costs. 
If the time of use, understanding time not as the interval of utilization, but also time of day, is not relevant, 
the coefficient  can be zero, in this case only volume is taken into account. This is justified by the relatively 
low amount of use on some links [29] that make irrelevant the concept of rush hour and allows a per time unit 
cost independent of the time of day used. In that case and once determined the required bandwidth by the QoS, 
data volume marks the utilization interval the cost can be assigned in function of volume. In fact this is the 
usual practice in mobile phone companies which limit the data volume providing a certain download speed in 
flat rates on Internet use from mobile phones. 
୅ୗ୰ is the cost of AS, which depends only on the node (): 
୅ୗ୰ ൌ ୰ǡ୬ୢ (7) 
The coefficient ୰ǡ୬ୢ depends on the node’s characteristics, e.g. the use of CPU, or storage device in a node 
is different if that node is in a building located in a main city or in distant place due to lease, energy, or other 
general services have different costs. 
3.3. Atomic Services Costs 
To assign costs to each AS it is needed to start from the best estimation the accounting can give. 
A node can be defined as a set of “boxes” that have resources such as processing capacity, memory, and 
storage, these boxes are connected by LAN as well as others physical resources. 
At node level the cost of resources can be calculated very accurately, according to node’s acquisition cost, 
maintenance, energy consumption, management, etc. So it is possible to determine the cost of every operation 
at node level. 
The nodes in a network are interconnected by links. A link is a physical mean (radio, copper cable, or 
optical fibre) and transmission equipment that adapts the signal to the mean’s characteristics. The set of 
transmission equipment and mean provides a bandwidth to the nodes that sets the maximum number of bits 
per second that can go through the link. 
A link can be used under a traffic policy, a set of rules that establish a priorities scheme between diverse 
package flows. Usually these policies are implemented by managing package queues arriving, or departing 
toward, or from the node to be transmitted through the link. 
With the use of traffic policies it is possible to divide the total link’s bandwidth in different bit flows, 
giving a different QoS to each bit flow. The Service Composition decides the QoS needs and requests its 
implementation in the network. The QoS offers, in a probabilistic approach the maximum allowed of delay, 
jitter and packet loss. 
Then, it is possible to establish a set of AS related to a physical link each one with its respective offered 
QoS; a better QoS requires a greater priority to ensure the needed bandwidth. The total cost of link is shared 
between ASs according to the kind of AS and its times of use. 
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To estimate AS’s cost (୅ୗ), the node’s resources use level for each one of them has to be defined. 
• Node CPU Consumption  ୩
• Node Memory Consumption  ୩
• Node Disc Space Consumption  ୩
• Network Bandwidth   ୩
And part of the resource being used is established in percentage 
• Node CPU Consumption  ୖ
• Node Memory Consumption  ୖ
• Node Disc Space Consumption  ୖ
• Network Bandwidth   ୖ
Then, the cost per unit of time of resident services in a node can be estimated as: 
ሺ୅ୗሻ୲ ൌ ሺୖ ൈ ୩ሻ ൅ ሺୖ ൈ ୩ሻ ൅ ሺୖ ൈ ୩ሻ ൅ ሺୖ ൈ ୩ሻ (8) 
Let’s consider that the node’s cost per unit of time is determined dividing the node’s TCO by the node’s 
amortization time (AT) using the same time unit. 
For AS associated to the use of link, the cost is bounded to the used bandwidth, the bandwidth multiplied 
by unit of time is the transmitted data volume, and therefore it indirectly measures the volume coefficient of 
link use. 
ሺ୅ୗሻ୘ ൌ ୖ ൈ ୩ (9) 
For time-based interconnection AS to switched telephone networks 
൫୅ୗ୧൯୘ ൌ ୧ (10) 
୧ is the cost per time unit of interconnection to the telephone network. 
So there is obtained cost estimation for of each AS, although in principle these costs would be absolute 
monetary units, we can take the lowest cost for unit time AS and use it as a reference for the rest. 
Once obtained the relative costs per time unit, for a particular AS used during a time (୅ୗ୧), it is obtained 
its total cost. Adding the costs of all ASs in a CS applying (5) it is possible to know the relative cost of the CS. 
Trough (4) it is calculated the relative cost of a user. Adding the all users’ costs it is obtained the number of 
relative units which are equalled to Operator’s total cost. 
At the end of this process we have an Operator’s real cost during the considered period of time (୘), 
obtained through financial statements equaled number of Relative Units (RU). 
୘ ൌ  ൉  ׵  ൌ
୘

(11) 
With the relative unit’s monetary cost it is possible to assign a monetary cost for each user. 
It might seem that sum of the ASs' costs obtained by equations (8), (9) and (10) should be equal to ୘, 
however the difficulty in seeing all the costs a determined AS incurs, the existence of inefficiencies in the 
design makes it necessary to establish the method of relative costs in equation (11) to “adjust” costs. It is 
assumed precision loss in the “real” costs calculation for each AS to reach a simplistic operability as proposed. 
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4. Conclusions 
The fixed networks operators are using pricing schemes based in flat rates modulated only by the 
contracted bandwidth, in the mobile operators due to the spectrum limitations it is usual to place a limit of 
volume data in the traffic at the nominal contracted speed, once that limit is exceeded the speed is 
substantially reduced as a disincentive measure. 
In this article, we have presented a methodology of cost assignment to be applied to each user, making it 
proportional to the use of services, departing from Operator’s total cost which has been divided by users. The 
proposed method permits to pass from investments’ accounting values, and operating expenses to the costs 
assignment linked to the users’ network utilization, based in how they use it, i.e. their use of applications. 
The aim is to provide operators with an implementable tool in its management processes which serve as a 
reference in the design of pricing policies based in the knowledge of user’s use of resources. 
The knowledge about user’s cost allows to identify big users and to compare the incomes to the individual 
cost. With this knowledge the operator is able to increment the fairness on its pricing policies, and questioning 
the flat fees universal application. 
The users will be paying realistic prices based on per usage fees, instead of flat fees which benefit a 
minority compound by the big consumers who spend the most of the bandwidth charging their costs to low 
range consumers who even though they are the majority, represent altogether low bandwidth consumption in 
front of the big consumers. 
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